Partial switching in ferroelectric PbZr"Ti,_p seZX) thin films has been studied for the adaptive learning metal-ferroelectric-semiconductor field effect transistor (MFSFET) applications. Particularly, the effects of film quality on adaptive-learning processes in ferroelectric PZT thin films are discussed. Dimensionality PTf fihs were prepared at 600-650 "C. Zr [Ti molar fraction ratio of the pellet was fixed to (65/35), which results in Zr molar fraction of 0.3-0.4 in the deposited PZT films.
I.. INTRODUCTION We have previously proposed an "adaptive learning " metal -fenoelectric-sem iconductor field +ffect transistor (MFSFET) as a key-device for the future neural network systemsl). In this application, the gate insulator is composed of a ferroelectric film. Here (1) where P,, t., and n mean remanent polarization, switching time, and dimensionality factor, respectively. By fitting the experimental data shown in Fig. 1 On the other hand, planar growth is believed to take place in vacuum-evaporated PZT films. Hence, the discrepancy in dimensionality factor n is due to the difference in crystalline quality of the PZT films.
By integrating the current response, the reversed polarization can be estimated as a function of the time as shown in Fig. 2 """": " """ """:"-" " ""'-'i""""'-"':" " " ""'-4" ""'-"' i.i.i^aai In this figure, time is normalized by the respective switching times t, for both PZT films. These curves correspond to the adaptive learning processes as the number of applied pulses is increased. It is found that in sol-gel grown PZT films, the learning process proceeds from the beginning and relatively long time (many pulses) is necessary to reach the completelylearned condition (+P,). On the other hand, if the vacuum-evaporated PZT films are used, the learning process does not proceed at the beginning and then the polarization rapidly changed from -P. to +P.. This can be explained by the difference of dimensionality factor, n, because the polarization change can be given by P=PJ1-2exp[-(tA)"]]. (2) Next, to confirm the adaptive-learning process in PZT films, we studied partial switching when short pulses are applied (PFM: pulse frequency modulation).
The durations of each pulse are 50 and L00 nsec. Figure  5 shows the polarization change of vacuum We also found that when the input pulses decreased to 3V, the polarization change is small, which can be explained by the voltage dependence of P, as shown in Fig.3 . Furthermore, it was also confirmed that the polarization which was partially reverstd by the positive pulses can be restored to the initial state by applying the several negative pulses.
CONCLUSION
We have studied the effects of film quality on adaptive-learning processes in ferroelectric PZT thin films. PZT 
